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(54) Optical ATM self-routing switching system witii reduced routing header bits 



(57) In an optical ATM switching system, an optical 
(2 X 2) copy network 2230 is provided in a preceding 
stage of an optical seH- routing network for multicasting 
an ATM cell to as many outlets of the self-routing net- 
work as there are routing (copying) bits contained in the 
optical header of the cell. The system includes interface 
units 2201 and 2202 through which electrical ATM cells 
from the associated transmission lines are received and 
converted to optical form for coupling through wave 
guides 2211 and 2212 to the copy network The inter- 
face units are connected to a multicast controller 2220 
which generates a multicast control signal indicating the 
number of 'copying" bits to be Inserted to the optical 
header of ATM cells as well as the time slot positions of 
the copying bits in the optical header 
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Description 

This application is related to Co-pending United 
States Patent Application Serial Number 07/792.191. 
filed November 14. 1991, titled "Self-Routing Network 
Using Optical Gate Array Driven By control Voltages 
Coincidental With Packet Header Pulses", Shuji Suzuki 
et al. and assigned to the same assignee as the present 
invention. 

The present invention relates generally to optical 
switching systems, and more specifically to an optical 
asynchronous transfer mode (ATM) switching system 
for broadband ISDN (Integrated Services Digital Net- 
work). 

A photonic packet switching system having input 
buffers is described In a paper "Photonic Packet Switch 
Based On VSTEP Two-Dimensional Array". S. Suzuki et 
al.. Photonic Switching, 1991 Technical Digest Series 
Mach 6-8, 1991, Salt Lake City, Utah, Cosponsored by 
Optical Society of America, IEEE/Lasers and Electro- 
Pities Society. The input buffers are followed by an opti- 
cal self-routing network for routing a packet, or ATM cell 
launched into the network from the buffers through an 
array of voltage-controlled optical gates to one of the 
outlets of the network depending on whether an electri- 
cal gating signal timely coincides with a header bit of the 
cell. 

If an optical (N x N) self-routing network is inrple- 
mented using tfie coincidental routing technique. 
header bits would be required for routing ATM cells to 
any of the outiets of the network without collision with 
the other cells at the outiets due to tiie need to Identify 
all positions of the outiets as well as the need to identify 
the inlets. This number would prohibitively increase as 
the number of inlets and outlets increases since the 
header bits degrade the throughput of tine system. If pri- 
ority control is implemented, an extra amount of times- 
lots would be required. Additionally, the known photonic 
switching system is not capable of meeting a desire that 
copies of a cell be routed simultaneously to several des- 
ti nations. 

• It is therefore an object of the prese*it invention to 
reduce the optica! header bite of an optical ATM switch- 
ing system to improve the throughput thereof. 

Anottier object of this invention is to provide an opti- 
cal ATM switching system which allows priority control 
to be performed on ATM cells. 

A further object of the present Invention is to pro- 
vide an ATM switching system capable of routing copies 
of ATM cells to multiple destinations. 

According to a first aspect of the present invention, 
there is provided an optical ATM switching system which 
comprises a plurality of internee means responsive to 
an incoming ATM cell for producing an optical ATM ceil 
containing a routing bit located in a timeslot correspond- 
ing to the destination of the ATM celL The system 
includes a first switching stage having a pluraPrty of 
tnlete connected to the interface means for receiving the 
optical ATM cell at one of the inlets and routing the cell 



to one of the outiets of tine "switching stage in accord- 
ance with the routing bit and generating a routing signal 
indicative of the position of tiie outiet to which the cell is 
routed. A second switching stage is connected to the 

5 outlets of the first switehing stage for routing the optical 
ATM cell therefrom to one of optical buffers in response 
to the routing signal from the first switching stage. A plu- 
rality of optical combiners are provided, corresponding 
to a group of the optical buffers for combining outputs of 

JO the corresponding group of optical combiners. 

According to a second aspect of this invention, the 
optical ATM switching system comprises a plurality of 
priority sorters connected to the outputs of the second 
switching stage, each of the priority sorter means corre- 

15 spending to a group of the optical buffers for sorting 
optical ATM cells incident tiiereon to one of the optical 
buffers of the corresponding group according to priori- 
ties of the sorted cells. The optical combiners are 
formed into groups, and connected to the optical buffers 

20 such that each combiner of each group receives ATM 
cells of higher priority and every other optical combiner 
of the group receives ATM cells of lower priority. A plu- 
rality of priority gates are provided corresponding 
respectively to the groups of the optical combiners. 

S5 Each priority gate is connected to the c^cal combiners 
of til e corresponding group for allowing passage of one 
of incident ATM cells having higher priority when con- 
tention occurs wth inddent ATM cells having -lower pri- 
ority. 

30 According to a tfiird aspect of this invention, the 
optical ATM switching system comprises a multicasting 
controller for generating a multicast conti'ol signal indi- 
cating destinations of copies of an optical ATM cell. A 
plurality of second interface means are provided for 

35 inserting optical copying bits into an optical ATM ceil in 
response to the multicast control signal. An optical copy 
network is provided having a plurality of inlets con- 
nected respectively to tin e second interface means for 
producing copies of an ATM ceil from each of the sec- 

40 ond interface means and routing the copies to a plurality 
of outiets of the copy network according to said copying 
bits. 

The present invention will be described in further 
detail with reference to the accompanying drawings, in 
45 which: 

Rg; 1 is a block diagram of an optical (2x2) ATM 
switching system according to a first embodiment of 
the present invention, and Fig. la is a block dia- 
50 gram of a line interface unit of Fig. 1 ; 

Rg. 2 is a block diagram of the (2x4) self -routing 
network of Fig. 1 ; 

Rg. 3 is a timing diagram associated with Fig. 2; 
Rg. 4 is a block diagram of an optical (2x2) ATM 
55 switching system according to a second embodi- 
ment of the present invention;' 
Fig. 5 is a block diagram of the (2x2) self-routing 
network of Rg. 4; 

Rg. 6 is a block diagram of an optical (2x4) ATM 
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switching system according to a third embodiment 
of the present invention: 

Fig. 7 is a block diagram of the (2x4) seff-routing 
network of Fig. 6; 

Fig. 8 is a timing diagram associated with Fig. 7; 
Rg. 9 is a block diagram of an optical (2x2) ATM 
switching system according to a fourth embodiment 
of the present invention, and Fig. 9a is a block dia- 
gram of a line interface unit of Fig. 9; 
Rg. 10 is a timing diagram associated with Fig. 9; 
Rgs. 1 1 and 12 are block diagrams of alternative 
forms of the embodiment of Fig. 9; 
Rg. is is a block diagram of an optical (2x2) ATM 
switching system according to a fifth enrtoodiment of 
the present invention; 

Rg. 14 is a timing diagram associated with Fig. 13; 
Fig. 1 5 is a block diagram of a sorter of Fig. 1 3; 
Rg. 16 is a timing diagram associated with the 
sorter of Rg. 15; 

Rg. 17 is a block diagram of a priority gate of Fig. 
13; 

Rg. 18 is a timing diagram associated with the pri- 
ority gate of Fig. 17; 

Fig. 1 9 is a timing diagram associated with the pri- 
ority gate of Fig. 17 using modified voltage arxJ pri- 
ority pulse waveforms; 

Rgs. 20 and 21 are block diagrams of alter r«tive 
forms of -the sixth embodiment; 
Fig. 22 is a block diagram of a sixth embodiment of 
the present invention in which an optical copy net- 
work is used in conjunction with an optical self-rout- 
ing network; 

Rgs. 23a and 23b are block diagrams of a line inter- 
face unit of Fig. 22; 

Rg. 24 is a block diagram of the copy network of 
Rg. 22; and 

Rg. 25 is a timing diagram associated with Fig. 24. 

In tiie following description, the first one or two dig- 
its of an element's reference number designates the fig- 
ure where the element is located. 

Referring first to Rg. 1 , there is shown an optical 
(2x2) ATM (asynchronous transfer niode) switching sys- 
tem according to a first embodiment of the present 
invention. Incoming electrical packets, or ATM cells of 
53-byte length are input to line interface units 101 and 

1 02 of the switching system where their cell headers are 
analyzed by an incoming header translator 103 (Rg. 1a) 
and converted optical signals by an electrooptical con- 
verter 104 and applied to an optical header generator 
105. The optical switching system of this invention 
defines an optical header preceding each ATM cell. The 
c^'cal header is equally separated into timeslots which 
are synchronized with system timing and uniquely 
assigned to different destinations. The header translator 

103 is syndironized with the system timing to produce 
an output signal indicating Vne position of a timeslot into 
which an optical header bit is to be generated for routing 
purposes in accordance with the analysis of a destina- 



tion code contained in the recaved ATM cdl. The times- 
lot indicating signal is. output to the optical header 
generator 105 to allow insertion of an optical header bit 
into the indicated position of an optical header that pre- 

5 cedes the optical ATM cell from the E/O converter 104. 
The output signal from the header generator 105 of 
each interface unit is therefore a series of an optical 
header and an optical 53-byte ATM cell, and is delivered 
as an output of the interface unit The outputs of inter- 

10 face units 101 and 1 02 are respectively coupled via light 
waveguides 1 1 1 and 1 12 to respective inlets of an opti- 
cal (2x4), self-routing network 120 in which they are 
switched, or transfened to one of its outiets which are 
coupled to waveguides 131 - 134. Waveguides 131, 132 

15 are connected to respective inlets of a converrtional 
optical (2x2) space switch 141, and waveguides 133, 
134 are coupled to respective inlets of an optical (2x2) 
space switch 142. 

Each of these (2x2) space switches is controlled in 

20 response to a switching supplied from a controller 180 
to alternately (sequentially) select one of its outlets to 
establish a switched path between tiie inlet to which the 
optical signal from the preceding stage appears and the 
selected outiet. As will be described, controller 130 

25 receives a routing signal via a signal bus 170 from ^e 
self-routing network 120 to generate the switching sig- 
nal for coupling to the space switches 141 , 142. 

The. outlets. of tiie.space.switch 141 are connected 
to optical first-in-first-out (FIFO) buffer memories 151, 

30 152 whose outputs are combined by an optical com- 
biner 161 onto an output waveguide 171. Likewise, the 
outlets of the space switch 1 42 are connected to optical 
FIFO buffer memories 153, 154 whose outputs are 
combined by an optical combiner 162 onto an output 

35 waveguide 172. In this way, cells are queued in the 
respective buffer memories 151 - 1 54 to avoid possible 
output contention with otiier cells bound for the same 
destination. 

As shown in Rg. 2, the (2x4) self-routing network 

40 1 20 comprises optical splitters 201 and 202 to which tiie 
waveguides 111 and 112 are respectively terminated. 
The optical ATM cell supplied tiirough the waveguide 
111 are split by splitter 201 into two identical signals 
which are led to optical gates 21 1 and 213 whose output 

45 terminals are connected via waveguides 1 31 , 1 32 to the 
respective inlets of the (2x2) space switch 141. In like 
manner, the optical cell on supplied tiirough the 
waveguide 112 is split by splitter 202 into identical sig- 
nals which are led to optical gates 212 and 21 4 whose 

50 outputs are connected to waveguides 134 and 135, 
respectively. An electrical pulse generator 250 is pro- 
vided for applying a first voltage control pulse 301 (see 
Rg. 3) to the control electrode of optical gates 21 1 arxl 
212 via resistors 221 and 222, respectively, and a sec- 

. 55 ond voltage control pulse 302 to optical gates 213 and 
214 via resistors 223 and 224, respectively. Voltage 
sensors 231 •- 234 are connected respectively to the 
corrtrol electrodes of optical gates 211 to 214. As 
described below, a significant voltage drop occurs at the 
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control terminal of each optical gate as a result of a cur- 
rent passing through the associated resistor when the 
header bit of an IncfcJent optical signal is time-coin ddent 
with an initial high voltage portion or header of a voltage 
pulse applied to the gate. The voltage drop developed at 
each of these optical gates is detected by the associ- 
ated voltage sensor. On detecting a voltage drop, volt- 
age sensors 231 ~ 234 produce respective output 
sigrials on control signal lines 241 to 244 which are bun- 
dled to form the signal bus 170 to the controller 1 80. 

As illustrated In Fig. 3. the header of each voltage 
pulse applied to the associated optical gate triggers it 
into a light transmissive state by consuming the light 
energy of the routing header bit of an incident optical 
signal and tiie pedestal portion of the voltage pulse that 
follows maintains the gate under the te-ansmissrve state 
to allow the data portion of the optical signal to pass 
through it. Therefore, on leaving the optical gate, each 
optical signal loses its routing header bit and only the 
data portion of ATM cell appears at the output of the 
gate. 

More specifically, voltage pulse 301 rises from zero 
amplitude to a highest amplitude Vh at time ti and drops 
to a lower level, or pedestal Vl at time t2 and drops to 
zero at time tg, while voltage pulse 302 rises from zero 
amplitude to the highest amplitude at time t2 and 
drops to the pedestal Vl at time ts and drops to zero at 
time tg. Each ATM cell has a routing header bit that 
exists during a time slot between t^ and ts, followed by a 
series of 53;byte data bits that exist between t4 and ts. It 
is assumed that that cells A and C are originated from a 
same or different sources during first and second inter- 
vals, respectively, and multiplexed onto the waveguide 
111. and cells B and D are likewise originated during the 
first and second intervals, respectivdy, and multiplexed 
onto the waveguide 1 12. For the purpose of illustration, 
assume that the routing header bits R^, Rg and of 
ATM cells A. C and D occur duringihe same timeslot t^- 
t2 of tiie header interval ti-ts and the routing header bit 
Rb of cell B occurs during timeslot tg-ts- 

Since the header bit Ra is time-coincident wrth the 
header of voltage pulse 301 applied to gates 21 1 and 
21 2, the data portion Oa of cell A is passed through gate 
211 to waveguide 131, and the header bit Rb is time- 
coinctdent with the header of voltage' pulse 302 applied 
to gates 213, 214, the data portion Db of cell B is 
passed through gate 21 4 to waveguide 1 34. In like man- 
ner, the header bits Rc and Rd are respectively time- 
coincident with the header of voltage pulse 301. Thus, 
the data portions Dc and Dd of celts C and D are passed 
through gates 21 1 and 212 respectively to waveguides 
131 and 132. Therefore, depending on the timeslot 
position of their header bits, the optical cells incident on 
splitter 201 are routed to waveguide 131 or 133, and the 
optical cells incident on splitter 202 are routed to 
waveguide 132 or 134. 

When cell A is passed through gate 21 1 , the volt- 
age sensor 231 produces an output that is coupled 
through control line 241 to tine controller 180 as a rout- 



ing signal indicating tiiat a cell is routed to the upper 
inlet of space swtch 141. Likewise, when cell D is 
passed through gate 212, the voltage sensor 232 pro- 
duces an output that is coupled through control line 242 
s to the controller 180 to indicate that a cell is routed to 
tile lower inlet of space switch 141. Thus, tiie routing 
signals at control lines 243 and 244 indicate that cells 
are routed to the upper and lower inlets of switch 142, 
respectively. 

io The controller 180 uses the routing signal as an 
indication of the location of a cell at one of the inlets of 
the space switches 141 and 142 to supply a switching 
signal to one of the switches 141 and 1 42 which is indi- 
cated by the routing signal to cause to establish a patii 

IS between the inlet identified by tine routing signal and 
one of tiie outiets of the (2x2) space switch and the cell 
is queued in the FIFO buffer memory coupled to that 
space switch. 

With the output queuing (buffer) principle of the 

so present inv^tion, the (2x2) ATM switching system of 
the first embodiment of this invention requires only two 
time slots. This represents a reduction of the number of 
optical header timeslots required for self-routing pur- 
poses, in comparison with four timeslots required witii- 

25 the prior art (2x2) input buffer ATM switching system, 
and hence, the throughput of an optical (2x2) ATM 
switching system is increased by a factor of 2. With N x 
N output buffer switching systems of this invention, a 
reduction of header timeslots by a factor of N is 

30 achieved. 

The same timeslot reduction effect is equally 
achieved by tiie embodiments which will be described 
below. 

In the second embodiment of this invention, shown 
35 in Fig. 4, optical ATM cells are carried on different wave- 
lengths when the corresponding electrical cells are 
processed by the respective interface units 401 and 
402. and the routing network 120 and (2x2) switches 
141 , 142 of the previous embodiment are replaced with 
40 an optical (2x2) self-routing network 420, splitters 441 , 
442 coupled by waveguides 431 and 432 to the outlets 
of network 420. and wavelength tunable filters 451 to 
454 coupled to tiie outputs of splitters 441 , 442. The 
wavelength of optical ATM cells A and C is designated 
45 X1 and tiie wavelength of the otiier cells is designated 
X2. 

As shown in Rg. 5, the (2x2) self-routing network 
420 differs from the routing network 120 of the first 
embodiment by the inclusion of an optical combiner 561 

50 for combining cells from "optical gates 51 1 and 512 for 
coupling to waveguide 431 arid an optical combiner 562 
for combining cells from gates 513. 514 for coupling to 
waveguide 432. If the incoming cells occur in the same 
time intervals as in Fig. 2 with the same optical header 

55 timeslot positions coinciding with the same voltage con- 
trol pulses as those in Rg. 2 as illustrated in Fig. 3, cells 
A and C appear at waveguide 551, cell D appears at 
waveguide 552 and cell B appears at waveguide 535 in 
the same way as in Rg. 2. Cells A and C are therefore 
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time multiplexed onto waveguide 431 , and cells C and D 
are wavelength multiplexed by connbiner 561 onto 
waveguide 431 and applied to the splitter 441. On the 
other hand, cell B is applied to the splitter 442 without 
being multiplexed in any form with other cells. 

Returning to Fig. 4, each of the cells A, C and D, on 
entering splitter 441, is split into replicas of the cell, 
which are applied respectively to the wavelength tuna- 
ble filters 451 and 452, while cell B is split by splitter 442 
into identical signals for coupling to the wavelength tun- 
able fitters 453 and 454, respectively Controller 480 
produces a wavelength tuning signal that enables each 
wavelength tunable fitter to selectively pass one of 
wavelen0hs XI and X2 and applies it to one of the 
wavelength tunable filters. The generation of the tuning 
signal and the application of this signal are determined 
in accordance with a routing signal supplied via signal 
bus 470 from the (2x2) self -routing network 420. The 
outputs of wavelength tunable fitters 451 and 452 are 
supplied to FIFO buffer memories 461 arxJ 462. respec- 
tively, whose outputs are combined by comb'ner 471. 
while the outputs of wavelength tunable filters 453. 454 
are supplied to FIFO buffer memories 463, 464, respec- 
tively, whose outputs are combined by combiner 472. 
For example, by tuning the filters 451 and 452 to wave- 
lengths XI and X2, respectively, cells A and C are 
sequentially stored into memory 461 and cell D is stored 
in memory 462. 

Rg. 6 is a block diagram of a third embodiment of 
the present invention in which an optical (2x4) ATM 
switching system is illustrated. This embodiment utilizes 
wavelength multiplexing to reduce the number of the 
timeslots for the optical routing header bit of the (N x M) 
ATM switching system to 1/g of the number which would 
otherwise be required for an optical (N x M) ATM switch- 
ing system of input buffer type. 

In Rg. 6, the (2x4) switching system includes an 
optical (2x4) self-routing network 620 which sequen- 
tially receives incoming cells A, C and E of different 
wavelengths through waveguide 61 1 and cells B, D and 
F of different wavelengths through waveguide 612. The 
outlets of self-routing network 620 are coupled respec- 
tively through waveguides 631 - 634 to optical splitters 
641 - 644 each of which splits the input signal into two 
identical signals for coupling to a corresponding one of 
wavelength tunable filters 651 - 658 whose outputs are 
coupled respectively to optical FIFO buffer memories 
661 - 668. The memories 661 - 668 are formed into 
four pairs corresponding respectively to connbiners 671 
- 674 and the outputs of the memories of each pair are 
combined by the corresponding combiner to appear at 
one of output waveguides 681 ~ 684. Controller 680 is 
responsive to a routing signal from the network 620 for 
generating a wavelength tuning signal and applying it to 
one of the wavelength tunable filters 651 - 658 in a 
manner similar to the second embodiment 

In Rg. 7. the optical (2x4) self -routing network 620 
comprises a first optical splitter 701 for splitting each 
incoming cell on waveguide 611 into four identical opti- 



cal outputs for coupling to optical gates 71 1 ~ 714, and 
a second optical splitter 701 for splitting each incoming 
cell on waveguide 61 2 into four identical optical outputs 
for coupling to optical gates 715 - 718, respectively. 

5 Optical gates 711 - 714 form pairs with opticaf gates 
715 - 718, respectively, and the outjxrts of the paired 
gates are coupled to combiners 731 ~ 734 whose out- 
puts are connected through waveguides 631 - 634 to 
the splitters 641 ~ 644. Electrical pulse generator 750 

JO drives the paired gates with con-esporiding voltage 
pulses 801 - 804 through resistors 721 - 728 con- 
nected to gates 711 - 718. respectively. The control 
electrodes of these optical gates are coupled to respec- 
tive voltage sensors 760 whose outputs connected to 

IS the controller 680. 

The operation of the (2x4) self-routing network of 
Fig. 7 is as follows. Assume that the header of voltage 
pulses 801 and 802 occurs during tiie same timeslot ti- 
t2 which coincides witii the position of tiie routing 

20 header bit of cells A (X1 1 ), B ((X22) and C{X2^), and the 
header of voltage pulses 803 and 804 occurs during ^e 
same timeslot ta-ts which coincides with the position of 
the routing header bit of optical cells D (X12), E (X21) 
and F (X22). Cells A, C and E are assumed to occur 

25 sequerrtially during first, second and third successive 
intervals, arxl cells B. D and F are. assumed to occur 
during the same first, second and third intervals, 
respectively. It will be seen that cell A on waveguide 61 1 
is switched through gate 71 1 and appears at waveguide 

30 631 as its routing header bit coincides with the header 
of pulse 801, and cells B and C on respective 
waveguides 612. 611 are swyitched through gates 716. 
712, respectively, and time multiplexed by combiner 732 
onto waveguide 632 as their routing header bits coin- 

35 dde with the header of vottage pulses 802. Likewise, 
cell D on waveguide 612 is switched through gate 717 
and appear at waveguide 633 as its routing header bit 
coincide with tiie header of pulse 803 and cells E and F 
on waveguides 61 1 and 612 are switched through gates 

40 714, 718, respectively, arxl wavelength multiplexed by 
combiner 734 onto waveguide 634. 

It is seen that only two timeslots.are required for the 
optical header bits of this embodiment, a number which 
is 1/4 of that which would othenwise be required for an 

45 equivalent optical (2x4) ATM switching system of input 
buffer type. . 

The throughput of optical ATM switching systems 
using optical routing headers can be increased by sort- 
ing incoming optical ATM cells between two or more 

50 self-routing networks. For this purpose, a fourth embod- 
iment of the present invention Is shown in Rg. 9, Incom- 
ing electrical ATM cells are entered to interlace units 
901 and 902. the outputs of which are respectively cou- 
pled to (1x2) sorters 91 1 and 912. Each of the sorters 

55 911, 912 has two outputs respectively connected to 
respective inlets of optical (2x4) self -routing networks 
921 and 922 of configuration identical to the network 
620 of Fig. 7. In each interface unit the cell header of 
each cell is examined by a header translator 903 (Rg. 
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9a} to generate a routing header posrtion sigr^l and a 
sorting signal, while the cell is converted to optical form 
by an E/O converter 904 and fed to an cptical header 
generator 905. Header generator 90 responds to the 
routing header position signal by inserting an optical 
header bit in the same nnanner as described earlier. The 
output of optica] header generator 905 is applied to an 
optical sorter 911 (912) to which the sorting signal from 
trarislator 903 is also applied for sorting the incoming 
cells to one of the self -routing networks. 

Each of the self-routing networks 921 . 922 has four 
outlets coupled to respective inputs of conibiners 931 - 
934. The outputs of combiners 931, 932 are connected 
to respective inputs of an optical (2x2) space switch 941 
whose outputs are connected through buffer memories 
951 , 952 to combiner 961 , and the outputs of combiners 
933, 934 are connected to respective inputs of on opti- 
cal (2x2) space switch 942 whose outputs are con- 
nected through buffer memories 953, 954 to combiner 
962. 

/■ Controller 980 receives a routing signal from lx3th 
self-routing networks to control the (2x2) space 
switches 941 , 942 in a manner similar to that shown and 
described with reference to Fig. 1 . 

The operation of the embodiment of Rg. 9 will be 
described with reference to Fig. 10. Assume that electri- 
cal ATM cells D1 . D2, and D3 bound for the same desti- 
nation successively amVe at irrterface unit 901 during, 
intervals ti-t2. ta-ts and t3-t4 and cells D1 and D3 are 
sorted to network 921 white cell D2 is sorted to network 
922. During interval ti-tg, the header of electi-icai cell D1 
is examined by translator 903 and an optical routing bit 
HI is generated and appended to the optlcat version of 
cell D1 that occurs during interval tg-ta and is sorted to 
network 921 . Similarly, the header of electrical cell 02 
is examined during Interval ta-ta and an optical routing 
bit H2 is generated and appended to tiie optical version 
of cell D3 that occurs during interval t3-t4 and is sorted 
to networit922. The header of electrical cell D3 is exam- 
ined during the next interval t3-t4. and an optical routing 
bit H3 is generated and appended to the optical version 
of cell D3 that occurs during interval ti-ts and is sorted 
to network 921. In each network, the cells are routed in 
a manner as described so tiiat tiieir routing header bits 
are consumed and the data bits of cells D1 , D2, D3 are 
directed to the same combiner 931 . for example, so that 
the cells separated by the sorter. 91 1 are recombined at 
the output of combiner 931. By the sorting operation, 
tine transfer of a header-appended cell to the appropri- 
ate network can be performed simultaneously with the 
appending of an optical routing bit to the next cell, and 
the cells can be processed by networks 921 and 922 in 
parallel fashion. Therefore, switched cells D1, D2 and 
D3 are closely spaced in time sequence at the output of 
combiner 931 between times ti arxl tg as illustrated in 
Rg. 10. Otherwise, incoming cells must be put in a 
queue to append a routing bit and as a result, it would 
require additional two slot intervals to complete the 
switching of cells D1 , D2 and D3. 



An alternative form of the fourth embodiment of tills 
invention is shown In Rg. 1 1 in which the sorting tech- 
nique is combined with the wavetengfth division multi- 
plexing of Rg. 4. Optical cells of wavelength X^ are input 

5 to 1x2 sorter 1111, and optical cells of wavelength' X2 
are input to 1x2 sorter 1112. The outputs of each sorter 
are coupled to respective inlets of (2x2) self-routing net- 
works 1 121 and 1 122. Note that sorters 1 1 1 1 and 1 1 12 
handle ATM calls of wavelengths respectively assigned 

10 to the sorters. The two outiets of each self -routing net- 
work are coupled to respective inputs of combiners 
1131, 1132 whose outputs are input to splitters 1141, 
1142, respectively. Wavelengtii tunable fitters 1151 - 
1154 are connected to respective outputs of splitters 

15 1141, 1142 to selectively pass desired cells to buffer 
menrreries 1 161 ~ 1 164 under control of conti-olter 1 180 
in response to a routing signal from networks 1121 and 
1 1 22. The outputs of buffer menrxsries 1161 - 1 1 64 are 
coupled in pairs to combiners 1 1 71 , 1 1 72 as illustrated. 

20 Arwther altematiVe form of the fourth embodiment 
of this invention is shown in Rg. 12 in which the sorting 
technique is combined with tiie wavelength multiplexing 
- of Rg. 7. Optical cells of wavelengths X^ 1 , X21 are input 
to sorters 121 1 and optical cells of wavelength >.12, X22 

25 are input to sorter 1 21 2. The outputs of sorter 1 21 1 are 
coupled to respective inlets of (2x4) self -routing net- 
works. 1221, 1222, the two outlets of each network 
being coupled to respective inputs of combiners 1231 ~ 
1234 whose outputs are input to splitters 1241 ~ 1244, 

30 respectively. Wavelength tunable filters 1251 - 1258 are 
connected to respective outputs of splitters 1241 - 
1244 to selectively pass desired cells to buffer memo- 
ries 1261 ~ 1268 under contiX)l of controller 1280 in 
response to a routing signal from networks 1221 and 

35 1222. The outputs of buffer memories 1261 ~ 1268 are 
connected in pairs to combiners 1271 - 1274. 

A fiftii embodiment of the present invention is 
shown in Fig. 1 3 in which tiie system receives ATM cells 
of different priorities and priority control is performed 

40 when output conterttion occurs between cells of differ- 
ent priorities. In Fig. 13, high-priority electrical ATM cells 
A are input to irrterface unit 1301 and low-priority electri- 
cal ATM cells B are input to interface unit 1302, Each of 
these interface units examine the destination identifiers 

45 contained in tiie received ATM cells and generate an 
optical routing bit in a manner as described, arxl further 
examine the priority bits to generate an optical sorting 
bit and an optical priority bit as shown in Rg. 14. In a 
typical example, to optical cell A the interface unit 1301 

so appends a routing bit Ra during timeslot t^-ta, a sorting 
bit Sa during timeslot Vt4. ^ a high priority bit Pa dur- 
ing timeslot ts-te, and to optical cell B the interface unit 
1302 apperxis a routing bit Rb during timeslot tj-ta. a 
sorting bit Sb during timeslot t^-ts. arxJ a low priority bit 

55 Pb during timeslot tg-te- In each cell, data bits start at 
time ty and terminate at time te- Priority bit Pa has a 
higher light intensity than the light intensity Lg of pri- 
ority bit Pb. 

An optical (2x4) self-routing network 1320 is pro- 
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vided for receiving optical cells from the interface units 
1301, 1302 for routing them using routing bits Ra and 
Fib to optical (2x2) space switches 1331 and 1332 
where they are switched to one of their output terminals 
under control of controller 1380 in a manner identical to 
that described in connection with Fig. 1 . The outputs of 
(2x2) space switch 1331 are connected to priority sort- 
ers 1341 and 1342, respectively Each of these priority 
sorters has a high priority output terminal and a low pri- 
ority output terminal and is controlled in response to 
voltage pulses supplied from an electrical pulse genera- 
tor 1 350 to set up an optical path to one of its output ter- 
minals according to the sorting bit of a cell it receives 
from the associated space switch in a manner as 
described in detail below. 

FIFO buffer memories 1351 - 1358 are provided. 
These buffer memories are grouped into four pairs 
respectively corresponding to sorters 1341 ~ 1344 and 
the memories of each pair are connected to the outputs 
of the corresponding sorters Therefore, the buffer mem- 
/' ories connected to the high priority output terminals of 
the sorters receive only high priority cells A arxJ those 
connected to the low priority output terminals receive 
only low priority cells B. The outputs of high priority 
memories 1 351 and 1353 are connected to the inputs of 
a combiner 1 361 and the outputs of low priority memo- 
ries 1352 and 1354 are connected to the inputs of a 
combiner 1362, the output of these combiners being 
connected to a respective input of a priority gate 1371 . 

In a similar manner, the outputs of high priority 
memories 1 355 and 1357 are connected to the inputs of 
a combiner 1363 and the outputs of low priority memo- 
ries 1356 and 1358 are connected to the inputs of a 
combiner 1364. the output of these combiners being 
connected to a respective input of a priority gate 1372. 
Each of the priority gates 1371 and 1372 receives a 
voltage pulse from the pulse generator 1350 to pass 
high priority cells to the output of the gate when conten- 
tion occurs with a low priority cell at the inputs of the 
gate in a manner as will t>e described later. 

As shown in detail in Rg. 15, each of the priority 
■ sorters comprises an optical splitter 1500 having two 
outputs, and a pair of optical gates 1501 and 1502 con- 
nected respectively to the outputs of splitter 1500. Each 
optical gate is driven by a different voltage pulse sup- 
plied from the pulse generator 1350. As shown in Rg. 
16, a voltage pulse 1601 having a header during interval 
t3-t4 and a pedestal portion terminating at time tg is 
applied to gate 1501 and a voltage pulse 1602 having a 
header during interval t4-t5 and a pedestal terminating 
at time tg is applied to gate 1502. Since the high-priority 
cell A has consumed its routing bit Ra as the cell is 
switched by the self -routing network 1320, it contains 
the sorting bit Sa and priority bit Pa. The sorting bit Sa 
of the signal applied to gate 1501 coincides with the 
header of voltage pulse 1601, and so its data bits are 
allowed to pass through gate 1501 to the high-priority 
output of the sorter, while the data bits of the other input 
to gate 1502 are rejected. Likewise, the low-priority cell 
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B has consumed its routing bit Rb as it is switched by 
the self-routing network 1 320, it contains the sorting bit 
Sb and priority bit Pb. When either of cells A and B is 
applied to the sorter, it is divided into identical signals by 

5 splitter 1500 and applied to gates 1501 and- 1502, 
respectively. Since the sorting bit Sa of cell A applied to 
gate 1501 coincides with the header of voltage pulse 
1 601 , the data bits thereof are allowed to pass through 
gate 1501 to the high-priority output of the sorter, while 

10 the data bits of call A applied to gate 1502 are not 
allowed to pass through it On the other hand, the sort- 
ing bit Sb of cell B applied to gate 1502 coincides with 
the header of voltage pulse 1602, the data bits thereof 
are allowed to pass through gate 1 502 to the low-priority 

IS output of the sorter, while the data bits of cell B applied 
to gate 1501 are not allowed to pass through it. In this 
way, cells of different priority levels are sorted according 
to the timeslot position of their sorting bits in relation to 
the timeslot position of the applied voltage pulse. 

20 Details of the priority gates 2081 , 2082 are shown 
in Rg. 1 7. Each priority gate comprises a pair of optical 
gates 1701 and 1702 for receiving a high-priority ceils 
and a low^riority cell from the associated combiners, 
respectively. Pulse generator 1450 supplies a voltage 

25 pulse 1801 through a resistor 1703 to the control elec- 
trodes of tfiese gates (Rg. 18). The outputs of gates 
1701 and 1702 are corrtoined by a connbiner 1704. 

As shown in Rg. 18, the header of this voltage 
pulse has amplitode Vhq and occurs during interval ts-ts 

30 coincident with both priority bits Pa arxJ Pb, and the ped- 
estal portion of this pulse has amplitude Vlo and termi- 
nates at time tg. If contention occurs at the inputs of the 
priority gate between a high priority cell A arxi a low pri- 
ority cell B, the cell A has only the priority bit Pa as it has 

35 consumed its sorting bit Sa in the previous stage, and 
the low-priority cell B has likewise the priority bit Pb 
only. Since priority bit Pa has a higher intensity than pri- 
ority bit Pb, gate 1701 is triggered into transmissive 
state, causing a current to flow through the conducting 

40 gate, and hence a voltage drop across resistor 1703. 
Thereafter, the header of the voltage pulse applied to 
both optical gates 1701. 1702 reduces to level Vhi and 
the pedestal to V^ji ias indicated at 1802 which is suffi- 
cient to maintain its transmissivity to pass the data por- 

45 tion of cell A through gate 1 701 to be delivered through 
combiner 1704 to the output terminal. 

An alternative form of the priority gating operation is 
shown in Fig. 19. The high priority ceil A is appended 
with a priority bit P'a that occurs during interval ts-tg, 

so and the low priority cell B is appended with a priority bit 
PI) that occurs during interval tg-ty, with both priority 
bits being of equal light intensity. The data bits of each 
cell exist during interval ta-tg. The pulse generator 1450 
supplies a voltage pulse 1901 to resistor 1703 with a 

55 header with amplitude V^q that lasts between times te 
and tj and a pedestal portion with amplitude Vlq that 
terminates at time t^o- Since priority pulse P'a is earlier 
than P'b when contention occurs between cells A and B 
at the priority gate, optical gate 1701 is triggered, caus- 
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ing a current to flow through resistor 1 703. so that the 
header of the voltage pulse applied to both gates 
reduces to level Vhi arxJ the pedestal portion of the 
pulse to level Vt.i. as indicated by a pulse 1 902. 

An alternative form of the fifth embodiment of this s 
Invention Is shown In Rg. 20 in which priority selection 
is combined with the wavelength division multiplexing of 
Fig. 4. Electrical high-priority cells A are input to inter- 
face 2001 where they are converted to optical signal of 
wavelength X1 arxl applied to (2x2) self-routing network io 
2020 and electrical low-priority cells B are input to inter- 
face 2002 where they are converted to optical signals of 
wavelength X2 and applied to the network. Each outlet 
of network 2020 is connected to a splitter 2031 (2032) 
having two outputs respectively connected to wave- is 
length tunable filters 2041 . 2042 (2043. 2044), the out- 
puts of fitters 2041 . 2042 (2043. 2044) being connected 
to sorters 2051. 2052 (2053, 2054), respectively. Sort- 
ers 2051 - 2054 are responsive to voltage pulses sup- 
plied from electrical pulse generator 2050 to sort the 20 
fjigh priority cells to FIFO buffer memories 2061 . 2063. 
2065. 2067 whose outputs are connected to combiners 
2071 , 2073 and the low priority cells to memories 2062, ■ 
2064. 2066, 2068 whose outputs are connected to com- 
biners 2072 and 2074. Priority gate 2081 is connected 25 
to the outputs of combiners 2071 . 2072 and priority gate 
2082 to the outputs of combiners 2073, 2074 to provide 
priority selection when contention occurs. 

In another alternative form, the priority selection 
feature of the fifth embodiment can be cornbined with 30 
the wavelength multiplexing of Fig. 7 as shown In Fig. 
21. Optical cells of different priorities with wavelength 
X1 1 , X21 are Input to one Inlet of (2x4) self-routing net- 
work 2120 and optical cells of different priorities with 
wavelength A.12. X22 are input to the other inlet of the 35 
network. Each outlet of the (2x4) network 2120 is con- ■ 
nected to a splitter 2131 (2132-2134) having two out- 
puts respectively connected to wavelength tunable 
fitters 2141. 2142 (2143 - 2148). the outputs of fitters 
2141. 2142 (2143. 2144) being connected to sorters 40 
2151.2152(2153 - 2158). respectively. Sorters 2151 - 
2158 are responsive to voltage pulses supplied from 
electrical pulse generator 2150 to sort the high priority 
cells to FIFO buffer memories 2161. 2163, 2165, 2167. 

2169, 2171, 2173, 2175 whose outputs are connected 4S 
to combiners 2181 , 2183, 2185. 2187 and sorts the low 
prtority cells to memories 2162, 2164, .2166, 2168, 

2170, 2172, 2174, 2176 whose outputs are connected 
to combiners 2182, 2184, 2186, 2188. Priority gate 
2191 (2192. 2193. 2194) is connected to the outputs of so 
combiners 2181, 2182 (2183- 2188) to provide priority 
selection when contention occurs. 

A sixth embodiment of the present invention is 
shown in Rg. 22. In this embodiment, an optical (2x2) 
copy network 2230 is provided in a preceding stage of 55 
the optical self-routing network of the present invention 
for multicasting an ATM cell to as many outlets of ttie 
self -routing network as there are routing (copying) bits 
contained in the optical header of the cell. As illustrated 



in Rg. 22. the system includes interface units 2201 and 
2202 through which electrical ATM cells from the asso- 
ciated transmission lines are received and converted to 
optical form for coupling tiirough waveguides 221 1 and 
2212 to the copy network. The interface units are con- 
nected to a mutticast controller 2220 which generates a 
multicast conti'ol signal indicating the number of "copy- 
ing" bits to be inserted to the optical header of ATM cells 
as well as the timeslot positions of the copying bits in 
tiie optical header. As illustrated in Fig. 23a, each inter- 
face unit is comprised of an electrooptical converter 
2310 connected to a coaxial cable through which it 
receives incoming signals and converts tiiem into opti- 
cal signals. An optical header generator 2320 is coupled 
to the E/O converter. In response to a multicast conti-ol 
signal from mutticast conti-oller 2220, the interface unit 
inserts optical copying bits in the indicated timeslots of 
the header of an optical ATM cell and forwards K to the 
copy network 2230. If the transmission medium Is opti- 
cal fiber, an optical buffer memory 2330 is used (see 
Rg. 23b). Such optical buffer memories are described in 
a paper titied "Photonic ATM Switch Using Vertical To 
Surface Transmission .Electro- Photonic. Devices 
(VSTEPs). Makoto Nishio et al.. The XIV International 
Switching Symposium. Proceedings Vol. 2, October 25- 
30, 1992. Yokohama. Japan. 

The outputs of copy network 2230 are coupled 
respectively to interface units 2241 arxi 2242 whose 
outputs are connected to an optical self-routing network 
2250 constructed according to the present invention. 

As illustrated in Fig. 24. the (2x2) optical copy net- 
work 2230 comprises (1x2) splitters 2401 and 2402 
connected to the waveguides 2211 arxi 2212. respec- 
tively. The outputs of splitter 2401 are connected to opti- 
cal gates 2411 and 2413, respectively, and the outputs 
of splitter 2402 are connected to optical gate. 2412 and 
2414, respectively. A pulse generator 2440 supplies a 
first voltage pulse through resistor 2421 to tiie control 
electrodes of optical gates 241 1 and 2413 and a second 
voltage pulse tiirough resistor 2422 to the conti-ol elec- 
ti-odes of optical gates 2412 and 2414. The outputs of 
optical gates 2411 and 2412 (2413 and 2414) are con- 
nected to a combiner 2431 (2432) whose output is cou- 
pled to an interface 2241 (2242). 

A typical example of the voltage pulses and optica) 
cells appearing in Rg. 24 is shown In Fig. 25. The opti- 
cal header of each cell is divided into several timeslots 
and copying bits Cq^ and Gag are inserted into timeslots 
ti-tg and t3-t4 of cell A on waveguide 221 1 . and copying 
bits Cfe., and Cbg are inserted into timeslots tg-ts and t4- 
ts of cell B on waveguide 2212. The header of the first 
voltage pulse 2501 applied to resister 2421 from pulse 
generator 2440 occupies two consecutive timeslots t^-tj 
and the header of tiie second voltage pulse 2502 
applied to resistor 2422 occupies two . consecutive 
timeslots ts-ts. If optical cell A is incident on the Input of 
splitter 2401 during a given ATM frame Interval, the cop- 
ying bits Ca^ and 0^2 coincide with the respective head- 
ers of voltage pulses 2501 and 2502 applied to resistors 
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2421. 2422. Optical gates 2411 and 2413 are driven 
Into light transmissive state to allow cell A to be passed 
to combiners 2431 and 2432. so that copies of cell A are 
forwarded to interface units 2241 and 2242, respec- 
tively, while drawing currents through resistors 2421 
and 2422. As a result, the header of both voltage pulses 
reduce to a level too low for the other optical gates to 
turn on. With optical gates 2411, 2413 being rendered 
conductive, the voltage pulss applied to optical gates 
241 1 , 2413 appears as shown at 2503 and the voltage 
pulse applied to gates 2412. 2414 appears as shown at 
2504. 

If cells A and B are simultaneously entered to split- 
ters 2401 and 2402, contentions occur between copies 
of these cells at the inputs of optical gates 241 1 and 
2412 and at the inputs of optical gates 2413 and 2414. 
Since the copying bits of cell A are earlier than those of 
cell B. only copies cell A are allowed to pass through 
optical gates 2411 and 2413 and directed to interface 
units 2241 and 2242. 

If the. interface units 2241 and 2242 are identical to 
those shown and described in connection with the 
embodiment of Fig. 1 , they insert routing bits and Rg 
into different timeslots ts-ty, for example, of the first and 
second copies of the incoming cell as Illustrated In Fig. 
25. The copies of . the cells are now launched into the 
self -routing network 2250 and routed according to their 
routing t^ts in a manner as described in the previous 
embodiments. 

Claims 

1. An optical ATM (asynchronous transfer mode) 
switching system comprising: 

multicasting control means (2220) for generat- 
ing a multicast control signal indicating destina- 
tions of copies of an optical ATM cell; 
a plurality of internee means (2201, 2202) for 
inserting a plurality of optical copying bits into 
an optical ATM cell in response to said multi- 
cast control signal; artd 

an optical copy network (2230) having a plural- 
ity of inlets connected respectively to said inter- 
face means for producing copies of an ATM cell 
from each of sakJ interface means and routing 
said copies to a pluralHy of outlets of the copy 
network according to said copying bits. 

2. An optical ATM switching system as claimed In 
claim 1 , wherein said copy network comprises: 



optical ATM cell when the copying bits of ttie 
cell timely coincide with one of said electrical 
signals: and 

a plurality of optical combiners (2431-2434). 
5 each corresponding to a group of said optical 

gates of the copy network for combining ATM 
cells from the optical gates of the correspond- 
ing group and coupling the combined ATM cells 
to one of outlets of the copy network. 

70 

3. An optical ATM switching system as claimed in 
claim 2, wherein each of said electrical signal has a 
higher amplitude header portion and a lower ampli- 
tude trailer portion. 

15 



a pulse generator (2440) for generating electri- 
cal signals of different timing; 
a plurality of optical splitters (2401 . 2402) con- 55 
nected respectively to said interface means: 
a plurality of optical gates (2411-2414) con- 
nected to outputs of different ones of said opti- 
cal splitters for allowing passage of an incident 
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(57) In an optical ATM switching system, an optical 
(2 X 2) copy network 2230 is provided in a preceding 
stage of an optical seH-routing network for multicasting 
an ATM cell to as many outlets of the self-routing net- 
work as there are routing (copying) bits contained in the 
optical header of the cell. The system includes interface 
units 2201 and 2202 through which electrical ATM cells 
from the associated transmission lines are received and 



converted to optical form for coupling through wave 
guides 2211 and 2212 to the copy network The inter- 
face units are connected to a multicast controller 2220 
which generates a multicast control signal indicating the 
number of "copying" bits to be inserted to the optical 
header of ATM cells as well as the time slot positions of 
the copying bits in the optical header. 
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